Abstract -The amino acid compositions of whole body tissue of European seabass, gilthead seabream and turbot of two different size classes were determined. No significant differences were detected between species and the composition was not affected by body size. Based on whole body indispensable amino acids (IAA) to total IAA ratios (A/E ratios), the IAA requirement profiles for the three species were estimated and compared to data available to date for some amino acids, obtained using dose-response curves. © Ifremer/Elsevier, Paris Indispensable amino acids / whole body composition / requirement profile / nutrition / marine / teleosts
INTRODUCTION
Teleost fish are known to require the same ten indispensable amino acids (IAA) as most terrestrial animals, except for arginine, which is essential in fish, much as in terrestrial carnivores. However, quantitative data on the requirements for all ten amino acids are available only for a selected species of finfish: chinook salmon, chum salmon, tilapia, channel catfish, common carp, Japanese eel, catla and milkfish [13] . Despite increasing mariculture production of species such as the European seabass {Dicentrarchus labrax), the gilthead seabream (Sparus aurata) and the turbot (Psetta maxima), data on the IAA requirements are scarce (table I) . While some information is available for seabass [14] [15] [16] [17] and seabream [9] , there is no data whatsoever on the IAA requirements of turbot. The IAA pattern of the whole body of a given species of fish has been considered to be representative of the IAA requirement profile of that species [11, 18] . The present work was undertaken to analyse the whole body amino acid composition of three marine species currently cultivated in Europe and to draw an estimation of their IAA requirements, based on the relative proportions of whole body IAA.
MATERIALS AND METHODS
The three species of fish were collected from the experimental facilities of Ifremer, 'Centre de Brest', where they were grown at constant water quality conditions. Water temperature was 18 °C for turbot and 20 °C for seabass and seabream, salinity was 35 and dissolved oxygen was kept above 7 mg-L -1 . They were fed regularly with commercial diets. All fish were immature at the time of the study. Before sampling, fish were kept unfed for 40 h. Each fish was individually weighed and frozen in liquid nitrogen immediately. They were stored at -20 °C until analysis. Analyses for crude protein and amino acids were performed in ground-and freeze-dried samples.
Whole body protein (N x 6.25) was determined using the Kjeldahl method after acid digestion. For amino acid analysis, about 10-20 mg of freeze-dried whole body tissue was hydrolysed in 20 mL 6 N HC1 (+0.1 % mercaptoethanol) at 110°C for 24 h. After the removal of HC1 by evaporation under vacuum.
determination of OPA derivatives of amino acids were made by HPLC separation as detailed elsewhere [7] . Data for individual amino acids are expressed as mean ± SD. They were subjected to ANOVA and when significant, differences between means were tested using Student's i-test.
RESULTS AND DISCUSSION
Wilson and Cowey [18] found no differences in the whole body amino acid composition of several salmonids (rainbow trout, Atlantic salmon, Pacific salmon) as well as of channel catfish. A later study based on literature data on mostly freshwater species suggested that such constancy in the whole body amino acid composition can be extended to most teleosts [11] . Data on the whole body amino acid composition of the different size groups of each of the three species (table II) show that there are no significant differences between these marine fish. These data also show that the whole body amino acid composition is not affected by body size of fish, at least within the size ranges of immature fish studied here. This is in agreement with data obtained with sturgeon [6] , where a relative constancy of whole body protein amino acid patterns irrespective of body size was also observed.
On the basis of data obtained here, A/E ratios (IAA/ total IAA x 1 000) were calculated (table III) . Given that quantitative data on the lysine requirement are available for at least two (seabass and seabream) of the Amino acid composition of three marine teleosts three species studied, theoretical requirement values were calculated for all other IAA in both these species as: IAA need = (requirement for lysine x specific A/E) / A/E for lysine. Since no data on the lysine requirement are available for turbot, a lysine requirement value of 5g/16gN was used. These figures show considerable homogeneity in the IAA requirement estimates for the three species.
Since the ideal amino acid profile for fish corresponds to that of whole body [11, 18] , fishmeal appears to be the most appropriate dietary protein source in fish diets. For developing diets in which at least part of the dietary fish meal is replaced with other plant or animal protein sources, precise data on the IAA requirements is required. Awaiting such data for each amino acid, estimates as provided in table III are valuable as starting points. But, a close look at the estimated figures shows that when compared to data available for some IAA determined using growth response, some discrepancies appear. Based on an analysis of literature data on the whole body IAA composition as well as on the IAA requirements of different species using a phylogenetic approach, Akiyama et al. [1] were able to bring out some differences, although small, between phylogenetically distinct families or species. More work is needed to verify whether differences do exist between species and to see how far they are affected by the physiological status. At least part of the variability observed in the IAA needs can be attributed to differences in methodological approaches in the determination of IAA requirements [4] . Another possible reason is that in most studies devoted to the determination of IAA requirements, all IAA other than the one under study are generally provided in excess, leading to possible amino acid imbalance. Besides, the possible effects of changes in dietary digestible energy (DE) levels and those of dispensable amino acids are not generally looked into.
It is now well recognized that the essential nutrient requirements are best expressed per unit digestible energy (DE) [13] . When expressed per unit DE, the amino acid requirements of fish have been found to be even higher than those of kitten (Felis catus), a wellknown terrestrial carnivore [5] . Since dietary DE levels can vary considerably in formulated diets used in aquaculture, proper consideration of the IAA to DE ratios is necessary. According to Kim [8] , supplying all IAA at the required levels while increasing the levels of dispensable amino acids can limit the contribution of dietary protein for energy purposes. In his studies, addition of a dispensable (non-essential) amino acid mixture equivalent to ten proteins to a diet with 25 crude proteins led to comparable growth rates of rainbow trout fed a diet containing 35 crude proteins. However, other studies have failed to confirm such beneficial effects of dispensable amino acids either in rainbow trout [4] or in tilapia [10] . With marine teleosts generally having higher protein requirements than their freshwater counterparts, optimization of indispensable amino acid supply and the possible role of dispensable amino acids in protein sparing also warrant investigation.
